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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve controllability 
and stability of the threshold voltage of an MOS 
transistor and the resistance value of a polysilicon 
resistor. 

SOLUTION: A thermal oxide film 39 is formed on the 
surfaces of N+ poly- NMOS 27, N+ poly-PMOS 29, P+ 
poly-PMOS 31, and the polysilicon resistor. A silicon 
nitride film 41 is formed on the thermal oxide film 39 
except the formation areas of the N+ poly-PMOS 29 and 
P+ poly-PMOS 31. The thermal oxide film 39 cuts off 
diffusion of hydrogen during the formation of the silicon 
nitride film 41 to improve, specially, the threshold 
stability of the P+ poly- PMOS 31, the threshold voltage 
stability of the N+ poly-NMOS 27, and the resistance 
value stability of the polysilicon resistor 35. The silicon 
nitride film 41 cuts off the diffusion of hydrogen during 
the formation of upper-layer films to improve, specially, 
deterioration in the hot-carrier resistance of the N+ 
poly-NMOS 37 and the controllability and stability of the 




resistance value of the polysilicon resistor 35. 
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(57) 

[PHI MOS \-3^is*$(DL£^mnE.8.Zf>\i') 
-> "J 3 >«fit<*CDffitafita> traitt&tf«£tt« lRl-h Si* 

N+tK'J NMOS 2 7, N+/K'jPMO 
S29. P + /K'J PMOS 3 1 Xtf/K'J v 'J 3 >*Sirit* 

PMOS 2 9&tfP + /KU PMOS 3 1 «>J&j£&i5$fft 

S3&K-fbH3 91*. -> 'J a >§lbB 4 1 (DtedLft 

S 3 1 <DL£lMfiilliS£1±. N+?K'J NMOS2 7 (D 

fitsstt*iPi±?i*-5„ •>ua>nbi4 1 it±mm<o 

NMOS 2 7 CD/fc-;/ h^r-V *J T WtttD&'fb Srftjlt L» tK 
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$#§8 2003-152100 



[itsfcJSi] p^v*;hvios h7>vx$»UNf 
a>«R»±i:. EJ?A<5~8 o nmro&KfbffiSfl-L 

fillS P ^ -V ^MO S h ^ > ^ ±|C li -> 'J =J >^b 
SA<JBfi£ * tlX L^C <!: * Stat I" S^fcgM. 

MOS h^vXS&tfSflfBTKy ^y3>«ft#_hl::, 
mmtfi 5 ~ 8 O n m0>&8<bM &1t L T *> U 3 >g-fbK 
j£ S *iT <5 C ,!: £ ft® <t T S 

[It*g3] pf v*;nvios h7^i?x$»u;Nf 

■V?-;i/MOS h7>yX$$ffixfcCMOSf/UXt 

*v ->y 3 >«fci*£il*fc*;8M*gMirfcivc. 

3>SJx<*±|C, J&J¥A<5~8 0 nmroHft^bH^tn-L, 
T-> y 3 >M<bE*<fl3j$£;h.Tfc y , 
HJiSP^-V^MO S t L.T. JUlicjgJS: 

A<5~8 O nm<DSfiK-(bM$^-Lr->Ua>M'fbMA<^ 
j££*iTL*-5*0>i:. ±Jf l--> U 3 >g{bMa<Jfcj££;h. 

imxm. 4 ] ffire*> y 3 >M-fbK<omj*tt 5 ~ 3 o n 

[BsS^s] UlHP^-v^-ynvios h7>vxjiit, 
p H^ffctetf^A * ttfcTK y -> y a p, £•& k 
ttffi£{S*fcg®? l ^*;i<l!P5 1 *;t'-. < /i>Mos h7>v 

So 

[11*316] WIH?Ky vy3>»tatt:CD^^J?Elcfc 

or. tirtai/ >j 3 >^bK±ic % *mm<mA2tixi* 
* i v/ > k- ^^bffiA<^fig * *t-c is y , Birfe^ y -> y 

y. HJII*4 0 0 nm&L±T'bZ>±m&&mX'mt>*lX 

[81*^7] frlB^y->y 3>»s«:ro^jSiiiafc33 
s*iTi^«f^Bi#:iS6i::fBtta>¥»{*ga. 

UT\ 1515/Ky vy3>gia<*l*3 0 00Q/DJaTa> 
*>— UatafflSt*., BtTlBv l J3>M{bS±lc. ^$E^ 

y. IiflB/-Ky ->'J 3 >«tafc©Jijilcli&JgiEIIJf 



£-f Sfctf>a>#E«i*<t. S*BE$«}S-r*fcA©S 

E® OSip«E$ib®-r h tz#><Dtt&®&£ ffititz 

B?riB*lfiaE2S& Hiriaib$£@S&0> 5 < «h t,-?5 
&m*m 1 t> 8 <DU-r*t*W-iB©©C MO S t/W X 
MfB»Ettta^«m-r*«ftle]Klilf^1 

e, 8 o)i\-ftifriz$im<D#>) ~> y 3 >«&{*£{i;L-ci^ 

[o o o 1 3 

[#£S8<DB-f -5ftaT#I?] **l|8tt % ^tt^Mlcll 
1^l:Pf Y^;i/MO S (metal oxide semiconducto 
r) l-7>i?X$MN^^MOS h7>i?X$$ 
MfcCMOS (*B*fg!MOS) f/Hxi*y->iJa 

[0 00 2] 

i* c m o s -r/ <-f x lean x t tK y •> y 3 ^ffirfr* e, & 
sta<o^y v y 3 L-Cl^if^at^. 

7>vX^©g- 9m35^Wx.-5j&SA<#y, delete 

>»ta i: «mEl)ff £ 4. Si * 1* -5 £5 A< ^ . 
[0 0 0 3] T^-P^ffl^3H*gai=fclxT. M 

os h5>vx$<&L#^te«E$dPtt&i;i,£iMi« 

ESStt ( K 'J 7 h ) APtfy v 'J 3 >tS6x<*05«t?ifit$|I 

isjK^**mE^[s)K^ if (dt-t p y [Hiisroffi 

I3ttit^@-r 3 ro-c. p -v 0 m t ititmiztji c, ^ lnij 

(fe^-r-5 2-pa>*^-r B iT-a>^tt<©/^^'>^) <Dzt 

-v>yiJ«<7)L#l>fimEXIi«fiifil<D->7 h-V. P 
CBT (^b-r>t-^v*-/W7XfXh) 
«iaSlBU^OL^t^mEXI*t£ttfil<D->7 K^if^it 

[0004] C(&J:5fc:g3fclcttLT. PfY*AMO 
S H7>vX$ (JilT. PMOS<tB?-y) t UTI*. S 

tfmmx-ibztzib. pm*m®$m\Ltz7$i)^>j=)> 
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ia$ ?— \-mrn out. p+zKyy-nsti?,?) t 

Ltl^fcSIfA-^SPMOS (KIT. P + /tf'JP 
MOSil?*) £&ffl"f $C£;!><£l*. P + ^'JPMO 

[0005] m-¥m&&&i±iz7+ny®&tn*y 
£[Il8A<;"ia£*VC I P + -K'J PMOS1?7 

:J-P?IH!§£8if£U NM^mtoZmXLtctf*) v'Ja 
>ffifrt>£S>r— hWH (KIT, N + tK'J^— h^ffii: 
B¥«5) £{i*.fcJI#>&*^-v;M^PMOS (KIT. N 
H-tK'J PMOSi^) T? P^'V £>£l^fc 

L^*t-5P+7H'J PMOS«)ttfigA<fi«$*tSMlp]fcfe 

[0006] LfrU P+tK'J PMOSI*L#lMt«ff 

wnat^L^t^mffS^ttosjiaiAtN+TK'j pmo 
sj:y*ffiiiT-fe4o JSsiip+TK'j-y- 

«cfcy*,e<. ^>yy>y^>K (*>y p>n^-<&* 
36^<#sr-5fc«>. ?-\-mtmt p+^y 

& l £ t» {imms Stt £ iri ± £ -t± * . 
[0007] m.^. mmT.m<DmrsmmmtLx^<m 

l^bWTEOS (tetra ethyl ortho silicate) Mit 

3. $ f»l=l*S B D n ^(iEaic?T^^^^fiS6T-fe^ P 
CBTStSl^lCcboT, f- H£<bK£-<:&«fcU tK'J 
S/'JPVKiry— hK-fbM<D^®-V>y— h^-fbS*lc h 
7-y^te^f^y, MOS h7>i/Xj©Lt l^fiSltlE 

[0008] mos h5>vx$a>L£^f!Sl±$)jeptt 
IJtS^iLt. ->yp>Slbffi-?Mos h7>-> 

*5&mozttfmmztiT^& «n¥6-i 6 3 5 

^l^g£tOvyri>gjblg<DfMll-<fcy» TEOS 

is-v>^x^M^b^^^- hmtmiz*m*<&WL?z 

[0 0 0 9] Ei$<D-Sfl£mj£-f L 

r . mz.\t ?k u •> y 3 s> & & ?k 'j -> y p 

#!"^"-5i§'n\ SRAM (static random access memor 

y) &ifo>aisytiB\mzmi^ti&m-&&.±(z > si* 



[ooi o] /Ky->yp>«ts«:izte(t4es<D/<^«> 

<, TEOSM-V>^X"7^{bS^&0*^<DffiSt6<lg 

at%7ic>4xrt^ 0 tku *> y p >«tt<*(ostftit»a 

6 6 6 1 ^4*|S#gI) „ 

[0 0 1 i] ®*<Dt'U *lztt-r&M3i<Dmmit±i£ 
©tfcy-efcSA^ 7^P-?ffl¥3M*gMi: LT«fig* 

[0 0 1 2] Si **S^t^<0->y P^gfbJg 

£ fii^fcT^- p vmc m o s Ltz®.m<D*&&m 
s©Stsb #3H*stsi ir % ps^^a<sa 

^HfcP^X^JU (PW) 3. &I/N^^#lA^A 
^^tfcN^xyu^iS (NW) 5, 7a<ff2JjE£;tlTl*-5. 

p^x^fuaax^N^x^nts, 7i*¥^*»tSi 
o>mm\zBf$. £*ifcj*i^b^ «c 5HBn« 9 

[0013] P^x;^JgE3JiSt;N^X^ia5± 
f=. y— h&lbMl 1 ^Lt, NSTi^Tb^ASJl 
fc^'J->'JP>^P,^cSN+^y>f— KSSl 3A<ff£ 
/££ftTU5. N^x;u«lgE7±l=. ^— hSHbjgl 1 
£5>L-T. PS^$$«o*<ISA*^fc/Ky v'Jp^ffiA^c, 

[0014] N+?Kyy- h««1 3 J*. 09jtiiy>K 

if iz^y i ±±mizmi£Ltz®i. *v>;>£ 

— "JfttfiJ is ij 3 >m(c y >tsHf(D NS^fc£1fc£-f 
aA^ P Ha'Si:*^^*'^.!: Lfc^ffitkC «fc yjSS 
Slc^AL. -?-<7)^ x-y^^yftffiicfcyHffliCD^tt 

[0 0 1 5] P+ ( f'jy-HHl 51*. N+TKy-7*- 
httffii 3<0JBJSi:[^B#|zeiJx.liy > K— ^©tK'J ->y 
p >K£ C V D Sfc Jfe if |c J: U 1 ±±iBI=^^ 

U CVDa/<i:i:-C«Lfc81bHP7t h hlc 
<fcy N^aSS^#!l«AI|JIE$-7X^ L-fcS. x-y^ 
y tK 'J v'J P >ffi^R(fa05^«IC/«$— n 
>^"L. PMO SO V-X/ K >Mfflfl)-< 

a t mmz p + # >j h m@fflo57K >j -> y p p 

ffii 5fflco7Ky->yp>mro/^^— p^yi?ri=^^->a 
A-e pffl^n«j*siA-r «#tt«c£f i=* y tv^ 0 
[ooi6] y-hK<bKi i. n+tK'J-t 5 — hm«ii 

3Xi;p + ?Kyy*— K«@1 5<0fi!JMlZ. CVDStl 
•v V ftffjlr J: otM ^F^fc^bffiA^ t> ^<5-y--f 
K«5*— ;H 7*<JBfiE^^tTl>^„ Pt7X7^1ge3(Cli 
NMOSffly-VKU-f >«HE^«JiEL.. Nl7$Si 
^iSSglzaA^nfcN-ffitfcS (N-) 1 9MNI 
^fcfi^A^SgU&ASftfcN+ffitfcJS (N+) 2 14< 



(4) 
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ff2f££*i-CH-5 0 N-^x;i,fi«5, 7l:iiPMOSOV 

mizfzxztitzp+tszwi® (p+) 2 5*t^$+tr^ 

l±. tK 'J •> 'J zi >iStrite 3 5t, ?K U > 'J 3 ^fittfl; 3 
5 <DilJiBfl!llc®fiE**xfcaftWS^fflro««fet7K'J *> 'J 

-nti 3, i 5tmmizmmm^ s^p—^m 

tK U «> U u ^m^tedL Lfc&. tK y -> y a 3 5 

co i&mn&iz m M<D«ta<a £ $ s fc #> n m*m® & •< 
^->aAic«»:y^AL. mmtcvDaitziztz 

<fc y ft*fiE LfcBHtBfc «fc y # y -> y a 35$7 

i= n s^$e«s7?fe* y >$siiaic^A-r -5 c t i= «t o 
si^s*fi^-r-5fc4t)ic v N+zKy-y— htgi 3ti^i: 

SSf N M=Ftt!fe6<SiSaicli A $ HX ^ a. 
[0 0 18] Cft&COMOS h 5 tfStiifSlT- 
3 3CD±£g5 «fc5l=. ©|jtlS?«JICVD|Z«fcy^L 

j=MJ5#£ii oo~3oonm — h;u) COC V 

D&-fb]g8 3jW&J$$;h.-Cl*.&o CVDgHbK8 3l*. 
Sfii*^ 3 3 CD/K 'J y 3 >*Siatt 3 5 C0tSfiifil$(Jffll1± 
£$tlTf -5 fettle. ^Mtetf^ftTl^l^-fbK (N 

sola) izjujmtfLzti, fr-3&x.mT'±mizMtfLz*i 

•5BPSG (borophosphosi I icate glass) l^&MO 

xtzmm. -f 1 00-3 o o nmo>mmtf& 

[00 19] CVD»bl8 3±l;mHA<^1 ~2 0 n 

mco->y 3>Hbl4 i A^fiE^tvrt^-s. ->yzj>g 
<bM4l£. cvDg^blS8 3^-r-5Ci:/5:<. #y 

->y3>stt»3 5±irjE«^-r4i, ->y=i>sft 

^4 1 OtetfLtmmz7$>)i,>)zj^tg£i#i3 stfVlsJ 

cor% cvDK<bM8 3«>»A^S-eft«. >>U3i/ 
S<bjg4iii, mxg-c?±®rc^*^^T EOSlStC 

XTS^bffi/S«i:l=#Ml=#^^4*^^Ji^L^L. NM 

osco*-v h**y7»ttcD&<b£*£i)«-r-5. ->yn> 

Mttffi4 1 0>»ja»Ssl£. CHxtfS i H 2 C I 2 MNH 
CVD&Z&lfZZttfX'ZZo 

[0020] ->ya>M^bM4 1 ±izmmmmmx-&z> 

BPSGiM4 Stff&tfiZtiXl^. BPSGl45lt 
W*.lt1%KCVDlZ£l)i&mi<tltz®.. S®$¥ffi^b-r 
5f:ftl:^8 0O-9 0 0'CC7);Sg-e&ffl!g>!i<J££;h.T 
»SE*n-5 0 NMOS, PMOSSt;gSt^^3 3±C0 



CVDgfl;K8 3 % ->ij3>MS4 1ii;BPSGl 

4 5|z|im§U££Sfflco=i>$'7 h*— )irtfiMR.mizf&i$. 
£*.ti*-5. @i 4xit=i>^o ktK— ;uco— gjiigj^ 

[002 1] B PSQIS4 siXtfai/*? f-Tfc— 
lc. ^^^/Si'CO/OJT^afyUXlXSSStf^-cfeST 

7AtJ&Ji££*iTU.5o mi ffijg^4 7 COJ&Jj£lgt?li. 
Si EHJ14 7©/<£ — -i/^fXg^lC. f54 2 0t5(D 

iaSl^T7k«#HSifr * ^ jut p -f &?rti;t>*iZ>. 

[0022] BPSGI4 5±MI1E8I4 7± 

GHx-li^X^c VD2l:J:4T EOS^M^ 
^-©±lCf^fig*^tfc3p^bC0fcAC0SOGffi (spin on 

glass) mfrbta&mmmmmmA 9tfimm^tixi^ 

S. mi K^@4 7±C0m2SF B ^^K4 mi 

ia^4 7tm2iB^5 i £«§u£*s-rsfc#x/>x,u 

[ o o 2 3 ] m 2 mm*&mi& 4 9 ±&tfx;u— *-7n*j 
i=. */<v* a(=cfcyjta<3?^fc7^5--7AA</^- 

2^f^ssis4 9±sixm2E^5 1 ±iz. mx.\*y 

£XT6fiL $ ^rfc/ < ->K— > 3 
Bit L-CCD^X-^bffiS 3A^J5E$^^rt^^o 

[0 0 2 4] 3<0?t*^T?l*. ->y Zi>m.itm4 1 IC 
J:y, ±II^b©*i*<MOS h7>i?X$sy«ft 
31^3 3'vt£f^-r^(0^S^t^LTL^■5C0■^?, ^ICNM 
OSC0*-y K*-vy7SttC03l;rt;£«jrT?£. Sfix^ 
3 3<D?Ky->y 3>Staft:3 5 COgfixflWtttlSji* 

*!■■&;: So 

[0 0 2 5] 

[*^A<^LJ:5i:-r-5^e] L-A^L, 7±n?mt 

r -S^-T/W X£;1*T S C i: l*SitT-& y „ 
[0026] mile. NMOSCDL^L^«iESS1±At 

«!: <D7i- a VmmoAXmt N MO s X-mtfLZtiX 

y. L^l^^imlEcoKy7 httT-j-a^tatxo KU7 h 
hi*. ?-t-n®±<omtmtfcvD&x-tem£tixts 

y. A-'O^-CO^ilEA^ 1 0O~3O0nmi:fl>fc«)f 
[0 0 2 7] CVD^bmi*. M^l:8 0Og«±(0 

^ig-Cftia**i.fc t LX t mSMlciiTK-^ y . 
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<OUU idle, cvdS 

fbK±ir->ya>g<bK£ff£j£-r&BS. 

A<IS£U KStf/K-^XTrffiJSAWl^C VD&fbffilc 

Tk^tfis y asav^-r i\, cvd g*bjgi-ss y a^+ifc 

[0 0 2 8] m2IC, fiESEaffi<7>,fc5l=^«:Sffi±± 

® £ v y 3 >g{tffi-eg 5 ^a-e i* p m o s mjse * -> y 

•fb-r-5tt^5Pgfid<fcofc. pmosi*. miEISJlB£ 
h^-(bKl^ffilr#a-r4 h-5->:?*&£Sg<b;*-l± 

>st^ L^i^ttJEA^sst'&y. /<??*fi<iM&i-r 

li-€-0HtlR]J&<Si<. ->'J 3>M-fba<35%^-eL#t^<l« 
ffA<1 5 0mV (5'j7t?;Uh) t'>7t-LtL*5Ct 

wwifc. ffimffisffxt/isy— *4#i4£s$<3fc«>e> 

t/L^L^fi!SI5SSttA^L^P+7Ky PMOSC0£«A< 
T- £ lt^lig^fcSp a p<DHSA<Bil ,1: £> „ 
[0 0 2 9] PMOS(DL#LMI«EEiSlJ{iPtel::5ttLT 
(*, PMOS}fcj£^JgEcOvya>M'fbjl£&£-f -Set 
#t§^£*t-Cl*3 (#g|2 O O O - 1 8 3 1 8 2^'& 
#S) „ CtD^^^IEELfct N + tK'JPMOSS 

[O0 3O] L£lMimi££gtt<Z><£T<OJf Bli. b!T& 

(DNMosoii^i:i^c.<. c vomtmomntrnm 

l:J=4t©f365. vy^^S'fbffifiPMOSJilct — 

*CD&x>y^>yai= e fcy&*£;h.'£j!><. 
*0> ~> i) 3 >M-fbJgJ£j£iIg-e C V D^b^*l-7K^A< 

[003 1] &fc, >r- haffil-ffiBEA^BtP^gjpT* 
S*i«Ett»ai::«fc-DT, S&$*i«1*ttfitMtt«fe 

[0032] »3i=. *>y3>£<bigcD*Ate7Ky->y 
-ta>«»ttJKy*>ya>»ft{*©s3ettsa 
©aisiaa^fifc at, sejtE * y t, k y 7 h < & 

Sc&fttflkBStLfe. C*tte, ->y=ii/g<bBI<7>*5*l= 

ftfc*stA<£Brr£fc*>-efcy. -?-<o«ii&3giic vd& 
* y •> y a >stat*<D$si±$ Mr * (=1* , # y > y 



a >»ft(*±©^bS©gSiSi: -> y a >g<b&0>£2> £ 

[003 3] JiiJi©J:5l=. 7-t-avmT'UxiztjL 
Tl±. vya>g<bKcO£AK«fc-5t£t£|p]±£@.5_t 

t?, mos h5>s?x*.tjkiMeij *> y a >«tt(*±<o 

^ItBl-fe. **9JfdU PMOSatfNMOSJIife 
CMOSf/UXt,fiJy«J 3 >tttt1t*«X.fcJHMt 

Sfii-fct^r. PMosar;NMosfl)L#i^iiaff$(i 

[0 0 3 4] 

a<o£ 1 osstttt* pf+^i<Mosh7i'*?x$so; 

Nft^MOS K7>vX^$MfcCMOSf/U 

xt *y *>y ai/*tt(t*a*fca|t»fl:aa-efcoT, 
±fBN^-v^.;i/Mos h^>s?x£_t2&tf±i27Ky->y 

3>SJt*±C, MJ?A<5~8 0 nmOilftS'fbJg^^L 

r y a >g<bjg*<nsjj£;* *ir fey. ±BPf***M 

[0 03 5] Nf t^MOS h7>i?Xj (NMO 

s) ±£# i ;i'Ua>ttft{t±*Mfca**L-cs'y 
t*a>ar B i$ftaa-\f>/<»; •>/<—> 3 vsgi-efe^^x 

v£<bK4»lc£ai=££;h,5***<NMOSXtf#y5/ 
ya>»tat*^l£»-r*<OSR5jfr«Ctj4<T?**„ C 

*n=«fcy, nmos©^;/ h*-vyTBtt©s6{b*«J*« 
#y3'y3>fE&itta£ftatim£« 

^^e?x^ (pmos) ±i=(*5/y3>s-fbffiA<#«L 
[0036] £e>ic< ->y 3>S<bSTO^-fbK«t Lt 

SftafbK^ffltV tORSfl:M4>Mt5~8 0nm& 

t*cfci:*y. n m o s l # ullES^ tt©iRi± 
t/K'J ->y a >gtaftroS«fflSS14<©[S]±$05c £ 
At-Tr^-So *fc, PMOS±f=t,MM:M*tKj£$*i.& 
fc«)IC s CVDaftK^fflOfcaSEftflJlCib^TPMO 
S CO L t L>fiiaff S3ttt©|B]± 5 C ,!: *<"C # 
[0 0 3 7] g52COSg|§l*. PfV^MOSh7>y 

s =ti u >\ t tK y «> y a ^gstt* £ tt * fc 4is<*gs r- 

f -v^l-MOS h7>vX$ ±&0J±ffi/K y v y a > & 
tfift±lc s KJ5A<5~8 0 nmCDgl&'fbK£fl-LTvy 

[003 si m20)mmx-i*. mia>®mtmmz s n 
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M o s ± t tK y ~> >) 3 >«6i{*± £&SMblg £tt L r -> 

'J 7fttt<B&<b £ * 'J 5/ U zi >g 

pmos± £&8<bK£5r btv U a >S<bH"CM 
5 cti-«fe y % *>y 3>gibH«fc y &±ma>miz&$ifr 
•5 frmtfi p m o s ^t&n-t $> o £ R&Jt-f €> c t tfx- £ 5 
(D-e. PMOS(DL£lMiSfilI££tea>$e,£.5|p)±£ 
13 ££>lc. SM 0>fiM§«fcH*§|::. ->y 
3>g<blST0>IS<blg£ LT*Wfl:B*ffll\ *(Ogftig 
■fbM(DH^^ 5~8 O nmtr-SCtlCfcy. NMOS 
<D L # UfitfiESSte 0>6J± J: tK y v y a >«tai*(DS 
tateSStea>ia]±£@-5 c: ttfx-zz. 

[O O 3 9] &30mmt. Pft^MOSh^^y 
XS&tf N^-\?*JUMOS h : 7>-;?X$£{i*.fcCMO 
S ?tU X £ Tff "j -> "J =1 >«fit»5fiix.fc*©{*gM-c 
fcoT, -tlEN^-V^M/MOS h7^S?X£±&tf±I5 
tK 'J -> 'J a >JSStft±l^ KJ?A< 5~80n m0>&&-fb 
L T -> y a >M<bMA<ff£j£ 3? *iT y . ±IB P ^ 

o nmOT&IHbM£5>LT->y 3>M<blgAtffiM££*iT 
±^l-->ya>S^bffiA<^fiE**tr^)E£^ 

[OO4 0] ±Jfl3&g<bM£:fl-LTM<bMjWfcfi£;**v 
T l> £ P M o s I*, ±m \z is y n >S<bK * HX 
Ufc^li^l=tt^TL#Uffimiimtel*&-5>>!><, S2 

1^6. — 7j, ±»lcg'fbMA<J£jj££;K-CUfcl*PMOS 
[004 1 ] 7^-P^ls]^fl)ig^ L.#UfIWI$iJf914 

PMossigu mttmmizT'U x&mvix-&tL 
if. @*xfcss.Pp£«fcysgiL-e>-r<&3„ s&3a>@g«£ 

•5. *e>i=. %i ommtmmz* v<y3>gfbRT<& 

H^bKt LTS&&fl;R£fi!l\ ^cDt&g-fblgroMJl^s 
~80nmi:tSCtl:<ty > NMOS©L#L<itE 

±£@SC -5. 
[0 0 4 2] 

l&VHDmMnfcmi ±i2*>y 3 >s^bK<oMJitt 5 - 

3 0nmffe5Ct*<!lfJL^. -£-<0$£m. NUOS10 
t-+-V'JTKtt«)iai±i:/K'J->U3>Staf*<Dgta 
fit££tt<D(S)±£ia& d t 
[0 0 4 3] ±fEP^Y*^MOS h7>vX$(D- #J 
tit, P^afeA<3IA*^.fc^'J->y 3>K^t>£: 



hB&£ii*.fcS®^-v#.;uSP^v*^MOs 

h7>vX$ (P+^'JPMOS) £3£(f£d£A<T?# 

•So p+^y PMosi*L#L^fitsa$9f9ttxt;L#i^ 
fiiaff3eStticocxT7k^ro^s^^:# < git -son?. 

*5!W<DPMOS|cSt-rSftffl5aiSl*P+7Ky PMOS 

i-»L.r#icw3!i-efcs. 

[0 0 4 4] ±15*'; *>y3>S8tf*0>JBJ3ciIi3(Cfc(,x 

r, ±S5*>y3>g<bM±ic. :Fl$!feijb<3*A<*;lxTi,*i5: 
IV >>*— ^1t:jRfitKJft$tiT£tL ±tB*y->y 3 
±15/ > K-^<bK-tlr^M*^fcPra 

U. KJ?l*4 0 0nmJU±T?fcS&JSIEI£Ji-e&b*lT 
1**C£A<#£LIV, /tfy ->y 3 >«m<*<Dgiafitf!ltfP 
1±l*. ±SI-^**t^Hra«6«t)S'S:t*lc#^ti47km 

A^g^&irrtcD-efey „ -> y a >w.itmiz&z,m^ 

l*$l*l±$ft*:T?feS. 

[0 0 4 5] LA* L« ^Oggfffflt LTvy3>g<bffi 

o>tE?3At«tAffisestticKg$ afc-r c £ jwjub Lfc» 
> K-^bisxvjgiai6iij8*3> L-c^aiass-ca 

Sta<t^^tt*|S|±$-t±^CtA<T-^-5„ 

-> y 3 i/gfbis±i=y > K-^MlbK^ti^-c^sro 
■e. >'>^ : -^K^bK(0±Bl-^^F^^-5S^^A^ 
t,(D7Ky y 3 ^*St«:— 05^^6«gtStfc ^ K6 Jh-T -S d i: 

iStitfilScStt^lRl±^1±5di*<-e^S 0 
[0 0 4 6] ±IH^M15^@t bTl^fflUe.^^7^ 
S-^AE^Wii^. 4 O O nmJa±a>MJlT?fcttli 

?K y •> y 3 >sts(*ir«-r -5 -> y 3 >mitm<o^mm 

t Lxmi^ti&mitT* >fc*ifei*. Mft^5«i/i*® 
ofc*>i-js*^«jas*^+«-cfey. ^fcKj?A<siL^ 

*-&t«fQS!lS*^ftL^ 4 O O n mKl±<omm<D7 )\> 
ffi^CMOS-7 i /<-<XICffll\&ti.r 

[0047] mz.ttism&o)#ni&tiiitm&£*ibs,ti 

•5«^:5^C^^lcfe^^r, «t»'S:±SS<D^-14A<ffiJg 

fif^-r-sj&^fe-s. fct, ±iB7Ky->y 3>«ta# 
^D^||lSlr33l^T. ±IB*aESSro±Biziiffi©^ 

7Ky>>y3>«ft{*<D*t/tffi«naii4$flt«T?#5. 
[0048] ±E*y >>y 3>«gtft©»BE«iajcfcu 
t» ±c#y->ya>*ft(*©±)ii=tt*jiEiiji$» 
*b*i»«*. ±iB7Ky->y3i/«ftf*tt3oooQ/ 

□6lTfl>->- h«fitfi$t^. ±fB->U3>gfbM± 

i=. *&ib±tm\£tixiitei*s is F—7VtitBUfi»tii 
tstxxi*& ztWtt&Li*. tK'j y 3 >ist?Lt*a>->— 

KStrifi|^3 O O O Q/DlilTlrf -SCtlCt y, -> y 
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y, tfy ^yp:>Sfctti&JgIEiajf(OF.gi=ff£j£5*:h.5 

[oo4 9] *mmt>mm$*iz*mto2iWtL-a*. 

m tii-r * # BEE £ #EE L T#EE«EE £ &JSf S «> (0 # 
SttESttfr 8 OttEEBEE £ ±S»*«EE3S6^ & <Dgl£ 

[0 0 5 0] *<D«fc?fc4i##gg<Z>-tiBS*BEE2I& 
tf-blBiblgiJKoa <fc t-^lc^^^^fig-r 

5CMOSf/WX*Sffit5CtU<ty. *#EBJ§£& 
j£f -5 PMOSa^NMOSIiLt t^filBEE$i|WttXt/ 
L £ l^BEE££14 £ ft-b£i* 5 <DT?. ± 

IBtt^BEEaS* L < li±f51tKlH]S§XI£*(&M;£a>£iJ;*J 

<r>&m$Gi±t<it&zttfx>z. u.i>ri±±ia7^-py 

[005 1 ] £e>|z. ±E#EE*ttl=**5J**MW* 
£tfy -> y a >&tt<*l*ttK<i«l«tt&lflStttt££tt 

EE«>fiSfi£ra±£-e-s i>L\ri*±iBT^-p 

[O O 5 2] 

[SHtft] Hi i*mi ©H16fi9$*-rBf®H-efeS. c 

<Dmmm\*mi omm<T>-mmmx$>^>o *3Sf*»«i 

PS^«feA<SA£*tfcP^x;u$iigE (pw) 3. 
&tfNS7MI1fe3b<l»A$4l^N^x^1|« (NW) 5, 
7*<»jS*;hTl*5. p <5x;ufci« 3 &tfN ">xA,jH* 
5 , 7 1 <D*S»cf^fiE$ *ifej*i*Stft;nfr 
&fc£3§^tt8iiIJ3 9 iz * y fl-gtSftTl^, 
[0 0 5 3] P^i^HEs-t&tfN^iyu^ias-t 
f=* Cy^lfSJlA^I 5nmggfl)y-hgikll 1 £ 
fl-LTs NS^FiWtlA<^A*tLfc7Ky->y p>K^t>& 

^711:, y— httiboii i zh-lx. pM^myntf 
mx ts titztf >j i> y p >mfrh tc a p + # y y— k b& 

1 5A<Jt£jS£;h.-C^-5o N+^'J^- hill 3MP 
+#Uy-Hl'l 5 0>HJ?I±. 0IJ*.(£&)4 0 0 nmg 

g-efcs. y— KK-fb^i i, N+zKyy— hBffii 3 
ayp+'fjy-nn 5<D®jMiz-y->r k^*— ;n 

7 £*iTl^ So 

[0 0 5 4] P-7X;U^ia3IZli % N+^'jy- hBffi 
1 3 NMOSOJV-X/KH'^lSJgS 
U NM^feA<«SSlc;-iA$tlfc2 0(DN-ffitJtS 

(n-) 1 Qftmrnzb-oxmiszixx^Zo ifiN-m 



^$61ftlA<Sgg|caA*HfcN+MSfcS <N+) 2 1*< 
-t*vehJ£f$£;h.-Cl*-5„ POx;u^igE3 0)fl£ji£^iglc 

*5^r. y— nMtBM 1, N+^yy-hsai 3. 

N-ffi&fll 9XtfN+fttfcB2 1 l*N+/Ky NMOS 

[00 5 5] N0x^S5iri*. N+-f ijy-na 

Ls ps^«^i5jgai=aA3?^fc2 0£DP-a£tjt^ 
(p-) 2 3 6m$toTM**iti^„ esp-ffi 
its 2 3©N+7K'jy- kbsi 3 tj*fi^<Hizps^ 

$E1«!l*^igSlcJiA**tfcP+ffitiJ« (P + ) 2 5 4«f 

i^r. ?-\~mtmi 1, N+7Kyy-hB«i 3, p 
-ffifUf 2 3&i;p+l£tfcg2 5iiaA5i^.^r^;uM 
p^-v*;umos h^iJx* (jut. N+T^ypMo 

s tn?.5*o 2 9^^-rs. 

[OO 5 6] N«^x;H|iS7|=l*» P + /Ky>r— 
15?ftA/f. PMOSOV— X/ KU'f >Mi3£«J5E 
U P^^tlJ!)<«jiglcaA*^.fc2O05P-t£tfeM 
(P-) 2 3A^Pra£*oTfi£j£3;h/C^-5o MP-46 
tltS 2 3 <DP KB*i1 5 tliS^fflllCPST 
&fe*<KSaf=&A£;KfcP+t£«fcji (P+) 2 5*<* 
ti?*ite!&ZtiX^$>. N -7iAfia7 ©JB^lSlcfc 
i*T. y-hiMb«i 1. p+#yy- hfgi 5, p 
-astjf 2 3xi;p+t£tfcM2 5i*p+7Ky pmos 3 

i £«E£-f 

[0057] ^ : f^8l'SlgE9±lc^yi>yzi>aAx l b^ 
•5fita^3 3*<}KB£*+trt^„ iStaffl^ 3 3 I*. « 
tail ^^-T -5 fcAlcS^ tem&X'miL It N A< 

3iA $*ifc7K y -> y p >«Si{* 3 5 <t . tK y -> y p 

^SSSlcSA $*ifcBmWffiS!ffla?ffiSSt7K y i> y 
p>ffi3 7l=J:y^fiE*4^rl^4. 

[0058] N+tK'J NMOS 2 7 ±, N + tK'JPMO 
S2 9±, P+/K'J PMOS 3 1 -fc&t/StrLlStT-S 3± 
09x.l*K/lA < 5~8 O nm«)^K'fbffi3 9A<JKfie* 
*ITI^„ N+/K'J NMOS2 7Si;gtal^-?-3 3(0^ 
i^fSlt^^^ N+/Hy PMOS2 9XtfP+/Ky PM 
OS 3 1 <DJ0j£1f*$|*liT. »SftK3 9±|ZMX.|< 
II* ? 5-3 0 n mO'/ij P >S{b^4 1 *<»fiE**tT 

[0 0 5 9] IftK'fbffiS 9±»U!vU 3>Hbl4 1 ± 
eH^IIIit*^ 3 O O n mlS© N S GE4 3 i<i 
f&ZtlXl^&o NSGffi4 3±(ZB PSQ14 5 
**lTtN-5„ BPSGI4 SOSSIi^FS-lbfilS^^tT 
1*5. N S Ql4 3£^B P S 614 5 lilf^IR^ 

[0060] N+*'jy-hfgi 3±, p+/Kyy— 

htt@i 5±, N+|£tfcJl2i, P+ffiiltS2 5. XO: 
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east* u -> u a >n 3 7 ±<D^stsic, sse*n=&gi 

[0061] BPSGI4 5±M3>^^ (--h-M^ 

-§?#f*#y->y 3>£fit<*3 5±£S5<fc-5lC«2j££ 
*VCl*S. *'J v'j3l/«tri«:3 5±IZ^a*+lfcmi 
E»I4 7». tI6f|l:7P- ^H->^JSE^A<#^ 

tf5««St7K U -> 'J 3 3 7 2*tfcm 1 

sigjf4 7 knm.miz&ma*n:^z>o Hfigg4 7 

&4 0 nrngfiOAyT* IIA<4 O O n mJiLt 

3 OnmgSOlftf* ^fr ^^^Si^HCJ: y«2 

[0062] BPSGI4 5±MSH8I4 7± 
IZ. TEOSiayfffl±l3)$*nfcSOGli^f,iS: 
^m2HP B 1$ftlglB4 9*<»fi£*^r^-5. SfMIEISJi4 
7±^2if^il4 9ICI*. milH^47i:m2 

[oo63] 12 jf F«g$6iiK 4 9 ±&tfx./i<— 

t;7;U£-0A^&frt>££m2lEl!lJf 5 1 

liffi4 9±XU:m2K^5 1 ±lc. /(r/^-va> 

^ajstLT. mz.i*zr^x^mbms 3A<gn ooo 

[0 0 6 4] H2l*C©HSS«IJ0>lgjiX8^^-rXM»T 
SST-fc^o Si &Vl2l2^#BBLTC<Dllffi0iJOTS!3g 
^a^lttB^-r-S. @2 (A) l-^-TJ:5IC 
II". N+tK'J NMOSJK^JSIZPOxjl^iJS^ 
N+#y PMOSJ&j£^igEI~N>}X,n,^i35£, P + # 
'J PMO S JBfjfclliSl: N ^ivuffigE 7 LfcSL ¥ 

^<**tel©S®r=, SflJftffiro LOCOS (local ox 
idation of silicon) ;£|Cj;y. mi s Mitmfrt>t£&M 
?#IM*9£»ift-r«. 

[006 5] P^X^HESX^N^X^lgES, 7 0) 

sni=y— httiboii i £&i s n mmmomm-x-r^m 

v >J a >K 5 5 £#J;t IS 3£0E C V D SHc «fc y 

i ±±®icj^ 4 o o n mm&nmmizt&m-t 

[0 0 6 6] itiafft^£«j£^£;Ky vUa>Sin#3 

<fcygA-r£„ eyx.tfN^3F$6!teiT?fe^y>i=*y 1 o 

k Q/DICiSS-TS^. $4)3. O x 1 014-6. O x 1 



Ol4/cm2gg, 2 k Q/OlzPg-f & 1 . O 

x 1 Ol5~i . 5 x 1 Ol5/cm2gS0>'r^->, ! £AA<!& 

[0067] 'PU< ttP+tfiJ PMOSfflfl)P+»lfJ 

y — hme«>}KfiEfiia(o>' ^ k— ?#y ->'j3>i5 5 
-txt;?Ky->ya>«tttt:3 5±*aa «t-5ic. ^Q^i^e 

C VDg-fb|g5 7$}KEE-r-5 0 CVDitl5 71*0!]*. 

9 0 0 •C<DigS^#-C<7) C V D £tZ «fc y ©^"T 
CVDSftS5 7$7X^7|CLT, Nl?«i, WiLli 

h'—ztr$<) ->'j3>i5 5 iznmmzmx l 
ri£«ta7Kyi>yzi»S5 9$^ja-r^ 0 ccx-i*ph 

3£BI**#X£: LT^ffift^lCfcy 'J >$3SA-T.5o fc 

[0 0 6 8] g!2 (B) IC^-TJ; 5 1=. 'J>t?5?^Lfc 
CVDiftS5 7$^4Lfc8, P + *'jPMOSffi© 

l^THRftC. •Y4-:'&A&l=J:y P£7«t*B£ft*ft 

ir^A-r^o crop+TKyy— hefiua©7Ky*>y=i> 
■^fl)paT*«wutt, ai=a'<*p+a;»S2 5* 

»J**£fcto<DP£^iM&*Afc3Ma$ C t j&<RTfitT?fc 
•So f©^tt7t h'J vy : 57-f-IiJtllSt'5C 

[0 0 6 9] PS^tt«sA<i8A**ifcP+7Kyy-hS 

mm<D#>) «>y =i>k, #y ->y3>ats(*3 5 aim 

*St*y^ya>ll5 9*Bfa©»«lcit»^>yi=J: 

y/^-->yL> N+zKyy-hSffii 3Mp+^ 
yy-KBffii 5. tttfictf y*>y =!:/«&{* 3 5 

[OO7 0] -ft>;!Aai:J: l J, P -i>x;u 3 (ON + # 
y nmosidn -*£»BPj*$|J*f= n +/t* y V— 

1 3l-«LTgBS^WI=NS3F$iE!fel$»AL. N-?l 
;U5(DN+7Ky PMOSCDP-ffittS^^lgEICN+TK 

AU N>7xyu7a)P + 7Ky PMOS<DP-t£ftS»iS 
i*i:p+*'jy- hWfll 5U«LTgBS^6<ilcp 

[0071] cvD^tx-v^/^-y^atgi-jzy, cv 

3, 1 5ai;*-nMt«i 1 <DffliM(=mjiE-r* 0 -r* 

>,tAai=«ty. N+-K'JNMOSfl)N+ffitiM^ 

*i:N+#yy- Kin 3ic«LTaas^e«)ictm 
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[0 0 7 2] N+t£ttH2 1 lzm\LtzNM*&®(D7S 

5~8 0 nm<Dil*1?N+^'J NMOS 2 7 (DJKJSfS 
JgJ. N + tK'J PMOS 2 9(Dff*J$«igL P+tK'JPMO 
S3 1 tfSftSt^ 3 <fc 5 l^iTf 

£. CCT-aS^(DI*. gft&fbK3 9I*C VDSSi-C 

^j£Lfc#-5xfcgMbffi^i*fc<, wgtt»eft{bM-c 
fe5ci:-efci. 0 t-tz. &<b#?B§U**i$m£^3i£^ 

li. NMOS(0*7 h** yTit140>S&'(b*<^ 
t * *iX I* -S * €» t? & -5 . 

[0 0 7 3] y'j3VSfil ±±MIC7jc*S^L^<0v 
'J =i >g<bK4 1 SJ&jjTf £„ *>'J a >gfbK4 i <DS 

0fljtl;f5~3 O nm-ea&£„ ->'j3>^bS4 1 
ftfCN + tfy NMOS2 7<Dfcv h^V'JT 
ittt(0S&-fbK»Jhai;7K 'J 'J =1 >ggtfc 3 5 <BStfifii$!l 

T %h t JS2)ii*lz J: -5 tK 'J 'J a >«ta«: 3 5 COSSi 
fiIS^14<D{STI-o^3b<^o v 'J a >g<bffi 4 1 <Df&f& 

SStLt> «SK.IiS i H 2 C \ 2X.VNH3&mmjSX 
t Ltz$17 O Ot|iJS<DSS^r-a)®ffC VD&£3* 
lf^Ct*<t?#5. tW/USgK 0 0°CfIjg-C?<&:7^X*7 
C VD£|c£oT«£Ji£L7=->y ziVM'fbMf*. M*lC7k 

[0 0 7 4] g|2 (C) iC^-T^ai^ N+tK'JPMO 
S2 9<D^jS«l|EXi; P+/K'J PMOS 3 1 <Bf&j£^JSE 

T\ X-y^^^fttfflCcfc y, N+tK'J PMOS 2 9<DJf£ 

&L^mRzfp+7$'j pmos3 1 <nmi$.&m<Dis>)zi> 
•au p+itai2 5$»^ts. ^oiuji-e 

I*. PMOS 2 9. 3 1±<D->'Jn^Mfci4 1 ?1« 
Wlc^f ZtzltXDZ?* hl/vX h/<$ — XT/P + 

[0 0 7 5] CCT*, P+J5HI2 5^^-r-5fc<6ff) 
PS^I^gAI*, P + TK'jy— 5^OT«| 
gA^SgtoTtcJUV, ^-£>i#£. !&&lblg 3 9 0>KJ*£ 

y, p+^uy-htii5ayp+jii;M2 5fM 

[0 0 7 6] 7* hUi?X — >£&£Lfrl£. H 



M<bK4 1 Si;^K{bK3 9±|CNSG®4 3^3 0 
OnmSgrogllcSfib. * P>(=-€-05±(CB PSQg 
4 5£85 0 0nmgg(Z>igJ?|cii»-f£„ 8 

oo~9oo°crosglfe#r-AP8^Bis^i6L, BPSG 
K4 5£¥ffifb-T5. J FS14$|fi]±$-y-«fc«) 
IC % BPSGI451C* "if-SOGKfcif^^rf 

[007 7] N+^<jy-Hgl 3±, P+TK'J/f- 
5±. N+ffitkg2 1. P+ffift«2 5, B.V 

y ->ga>i3 7 ±©^iisic. mgvMKfggs 

■tZtzit><D=i>it<? \~*—Ji>&mvitoizMi8.-tz e BP 

IC. BJ?*<&4 0 nmgJ6(D^$ >ft«t*<B/<y T> £ 
^ lgH4 O O nmJil±<0C u Uif^tiT )VZ -'yM. 
mm.3 O nmggCDg-fb^* >£X/W$&|Cj: 

[0 0 7 8] m 1 KfgJi 4 7 (DJ&I$.&^ J&4 2 0 < C<Djg 

Sl=«fcyA*HH ^^7P-<$ft)5:5„ ccD<t 
->'Ja>g<blll4 i <DttflH&g|z«fcy. n+tK'Jn 
M O S 2 7 &tf «iairf 3 3 ^(D**05ffiifc^ K6jh"T <5 
N + /Ky NMOS 2 7<D*fcv h+Y'J7l 

ttro^^bR&itauiTK y -> y a >sst» 3 5 nt&tKmfflm 

[0 0 7 9] % 1 IBjSJi 4 7 (O-mt. «tri*T3 3(D 

7|fyi/yz]>setft:3 5±±<*$g5«fc-5i=iE^*^ 

m SSHJi4 7I*7K'J vya>Sta<*3 5U«-r^, 
->'J31/M<b«4 1 ffl(5*S»f|tafi<itfc«©T\ fe^ 
SS©KJ5*<i&S-e^y % Wjtli4 O O nmJil±T?fc5 
C.ktffiF^LlV, 7K'J->y 3>Sta<*3 5<D±«(ciHa 
£ *ltz& 1 4 7 <D#*EJ&<. v 'J =1 >g<b]g 4 1 1= 

<fc y js^^uics LTffltjgci&oTr/tfy -> y 3 

[0080] BPSGi45±atfSlEgl47± 
l=, miS^XVCVD^ICfcy TEOSffi^JtS 
L. SOG)S?5:if-C?¥a'fbL-cm2^rBW«iffi4 9^}^ 
JjE-r*. S1S8I4 7±0)l2Mmil4 9l-x;w 

— *— ^^js«?Mic^fiE-r-5o x/«->^anr«fc 

y C u ft if *^t?T;i/ 5 9 O O n mSS 

©Kmi=lt«L. x->5 i >yStffilc<fcy5l«?6eilc^2iS 
«JB5 1 CCT% m21B^H5 1li. tK'J 

-> y a >SStt* 3 5±lcli#ft L-fcl^J: -5 CEf* 

[008 1] file, /«-yi"<— >3>SIItLT, 
fiH^li^XVC VDSI^U, O 0 O nmgllO 

^bK4 1 <0ttffl3)SICj:y, N+7t?'JNMOS2 7M 
»tt^3 3^0)7kma)i£«^R&ihf -5Ci:A<T'#. N 
+ /K'J NMOS 2 7<»7frv K^V ■JTlttt(0^'(bK6lhi 
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i;tK y -> y = 3 s ©sfitfii$inaittai/»ttffls 

£&CD«TcO Rfrit £ B S Z 1 tft? # 5 . 
[008 2] P+^'JPMOS(OL? 
^fflaff$flffiH4$SaLfc^/W^«iit:fe*. @3I* 

£*f@T!fcy. (A) l*«E*C0¥St*3£« (StJfcS 

«) , (b) it&KDnmm. <c> i*&irrsm3co 

5£J£0!l£^-f o «ttU*L£lMa«ff (V Oftlth) ) £ 

$s*ai*g» (%) ^-r. cc-ciip+TK'j pm 

0 s ±co&<bm(*. at i <j>nmm&.ifm 3 coita&Gyeii 

H«*<2 5 nmCOt&SfcKTJfcy, t£SEftffiT-l*KmA< 

1 5 0nm©CVD8ftItfe^ 3 CO 

mtfM&ztixi^&o m-iommm (b) t-i*, ftjfcco 

(A) izit^ L^lMimiEcO^XMffirtM* 
5^^r*<«M**t. P+^'jPMOS©LfOltSSI 

[0 0 8 3] SM COftJSGyiCfc^T, f&K<bB3 9C0I8 
HI*, Kl:N+7K l JNMOS2 7©L^^ffllES£tt 
tata^T 3 3 (DtK'J -> 'J 3 >«fitt*: 3 5 <D«t?ifiiS^ 
t£K*£<H4--f 7K'J->'Jn>afet«:3 5± 

I=g&&-(b|g3 9£ff2j£L£l*-t!:>y r3>g-fbK4 1 £it 

g^-f a*, ->'ja>^bsi4 1 omfitmztf >)*>>) 

S, # 'J -> »J a ^fitatt 3 5 cOStafi&flJfSHi L < « 
[0084] 041*, N+/K'J NMOS-tCOg-fbBCOK 

co Kico^-caiSLfcJtss^^-rE-efey. sua 

(*&8fl:l8 (S 1 OHJS01J) £JB^fci§^r£ij*U ttfg 
licvDiftl («£*co*ig{*gM) £ffli*fci§^£^ 

•T. «illi(*N + #y NMOS±C0&<bKJ? (nm) , & 
ttf*L*lMfiWEKy:7 h (mV) 

[0085] mmtm mm »*, cvdm («s 

IS) l-ib^, L#lMSmEco K'J7 Hrf></h£<, N + 
# y n m o s co l * n fiimiES 3£tt £ iri _t * # ■& c t A< 

T'#£>. Kf$5~8 0nmtt5Ci:1?K l J7 

h fi 5 5 m V ULTlznU-t h C t tfT* £ S . 
[O0 8 6] H5I*, #')~>'J=>>i&tK#±<DMitm<D 

(ft1«>JIJt#l) £ffll*fcl§££7FU «£|Sl*CVDK 

<bK (&*co#gfcgfi) ^fflUfcif-&^^-r <> Sitil* 
7K'Ji/y3>gtafr±05^blSil (nm) , $Sff!ll*&ia 

■ KU7h (%) £^-r. nttfbn mm i*, cvd 

i£<bB (®*S) iztt^ Jgtafiico K y 7 KS*</Jx£ < , 

tK y -> y 3 >sst(*<?)Sfitfi!2esi± £ * s c t a< 

T'^-So gfc&'fbBJIS 5-8 O nmttiCt 

K'J 7 hSS-0. 2%JilTlc-f SCitfT^&o 
[0 0 8 7] @6I*, ->'J 3>§<bKJll=^-r5N+7K 



'J NMOS(D*»; h**y7#lSrC0£<b£a!l£L*:ISg 
$*-r@T?&^ 0 8tffil*->y zi>g{bB# (nm) £5^ 

L, $S8il**-y h*t'J7»* (80 ^^-To czr-li 
N+/Ky nmos, ^y^gttKJWigco&fcBirLT 

BJ1A<2 5 n mOSS^bM^ ffltifco > 'J 3 ^MfcSJl 
*'10 nmT?N+7Ky NMOS(0^»; h^V 'JT^^I* 

[0088] a7ii. ->ya>^bKKi=^-r*^y-> 

•J 3 >«fit{*©«fiifit3E<b (US) tK'j? h£<b (56 

is) ^siSLfcjg*5^-riarfc-5. sitttt->yzj>M 

^bffiJ? (nm) £5*U S«E«l*Stafit (Q) $^L, 

s«awii*«tiiffl Ky ■? h (%) $^-r 0 cc-e(*N+7K 

y nmos, -> y z» i/M<bMJ?^©^bKi: LXS&Btf 

2 5 nm<DgftM'fbK^ffl^fc 0 

[0089] y'j3 >S<bKi?;6< 3 n mJilT7?»trifiI 

(.mm a>«T*^e>*i^o *f=, ->y=i>s<bKj|[A< 

3 0 nm«fcy tt&l^mmXlt KU7 h*t-0. 2%«t 

'> 'J a >M-fbMJ»l* 5 ~ 3 0 nmi<)?fLl>:tA< 

[0090] @8ic§i2a>^Sg«ij^^-r. co5HSS«ijii 

mi omm<DteG>mmmx'&&o mi ic^Ltcmi on 
3 3 ©tH y -> y a 3 5 co J:^ ^ m 1 E 

S^4 7 A<a-oTt^l>^*WcCoTL^S. 
[0 09 1] wCOJ:-5'S:Set*^-3 31*, T^-P^IsIK 

^«>CH^ii^lcWfiJ'e3&-5o ^ 1 lEISfi 4 7 $tK y *> 
■j3>«tittt:3 5C0±@lzEMLfcJg^, ?K 'J v 'J a > 
S6t<*3 5tM!l 1E^4 7torBllr^#)S:S^§fiA<^ 

5. *-co,fc-5'S:*§^l±, S1 12SS4 7*7Ky*>y 3> 
*SSt{*3 5CO±^|clEa-r*Ci:3!)^#-r, S^K'fbBs 
9<DMM&i;BJiaJSc03aSLA^f#T?#75:< J5r^„ 

[0 0 9 2] @9IZ, iK'J^U = >Sta»C0J:SlcSI1 

->y3>ggttt:a)fistfisi3«r-5 h*y p h^b zms. l 
tzmm&i*-to n^tt^y^yavatfiftcDi^icgii 

«-r^^ (iH^y) s^-fo ««idc«st« (q/ 
□) ^^l, $ffi$fii±fi#iffi K'j7h (o/o) 5^-r„ 

[OO 9 3] mi !E*!lJi4 7(r«fe y tK 'J ^ *) zi >gjrii* 
3 5 11^1^ mm) 15i6ott. Stafit$3 0 
0 0Q/D6lTlc-r*tl*, % 1 iE^g 4 7 y y 3 
>Sfit»3 5^g5^ (SSI!) tHaflcoiSiafiiSSte 
A^&it-Scir^^&A^lc^ofc,, tK'J ->y n > 

!Sia{*3 5C0±g^SI1 £S4 7-CSofcJi^ («6|g) 
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IZl*. i/'Ja^IftlAlfflKA^SlDLT. 2 0kQ 
&X: Sftl© K 'J 7 h ^ UPM 1 5 C 1 6<t t 
[0 0 9 4] @8IC^Lf_m2fl)IIJSfi!llrfcl^T, Si 

<*3 5 0>±gtc#£Lfcl*<fc5lcU-f 70 h"f -SCitf 
» £ L l». E|gJi<D*r$lA<* 'J > 'J =J >Sta(* 3 5 ©St 

£>t?fe5<, 

[0 0 9 5] 01 OC:g5 3<DigS£0!I£5jVr. -©HJ60I 
l*m 2 <D88*§<D-S;&£0!|-t:fe-&. B 1 LfcS 1 ©S 
J£09i:Pi:Si5#l=l*|i3C#*§-£ttU -t©g|ttt©P«II£ 

iftB^tt^BS-rs. miommi&mtit^x* n+#vp 

MOS 2 9ai^P + 7K'J PMOS 3 1 tv'Ja^Htl 
[0 0 9 6] y-ha=Hl^«EA<ft^aiW^^-5«fc 

A«SI9tt<l:yt,iIi:«5. 

-<T^.^JETt?©BT (Bias-Temperature) ©S^iElC 

UK 'J 7 h©*#fc^BT*fe&£#*.ib;h.-Cl*-5o 

[0 0 9 7] WZ3<DmMWC'\Z. N + tK'JPMOS2 9 
RXfP + #<) PMOS3 1 CD±Jf ICV>'J =J>^bK4 
1 ^fi^LT^-SOT?. *ItJ:5N+7KyPMOS2 
9Si;P + 7KU PMOS3 1 ©L*lMB«ff K'J? h£ 

ffl)$«-r*ca:*<T-^s. mi*0i ir^Lfcmi ©sjs 

#Jtf>£7(^ P+/K'J PMOS 3 1 <Z>±Jf|::vy n>M 
-fblS4 1 fi<ftlMl«a) K'J ? hfitfl 5mVX?fe-S>(D(- 
*JLT\ m3©|IS6ff!l<7) < fe5lcv«Ja>^bffi4 1 A<fe 
SJi^COK'J^ KS(*4mV(D^iSmA^e»4xTfc 

y, u#t^fii«jEe^te^««-r*7^-o^(H]iSsi-» 

[0 0 9 8] S3 (C) I*. S3<OHSS0lJa)P+/Ky P 

m o s a> l # i^an© ox/xMfl/ ^ 0t? 
$>y, 03 (b) ic^-rmi <o^jE0ij<Dii^ica:-<Tg 

(A) <Dt£j|E&fljlcit'<-r\ P+/KUPMOS(DL#^ 
^aWII$lJ^SttA<a#^^^rl^^<^)A^6^-5 0 Cftl*. N 
+ PMOS 2 9&tfP + 7K'J PMOS 3 1 <D±lrgS 
^bS3 9^^fiELTUSfctf)T'fey. tSJRgEffi-URga 
(-^SoTt^fc PMO SO L cM,xfii1BI±$(H2Ptt$-iS#'3"'5 

[0 0 9 9] S?3 0)SiJ£0!ll::asi''T\ glll-^Lfcmi 

(ommmtit^-x. sj£if§MKi*->y=i>sfbg4 1 

£M«Mlr&£T£lS£trfc:b^f£rr-C'fe-5. fcf£ 
U Lt^IlEttl SOmV^ht^roi?. Si© 
^SSC9i:S3©j|Jge9'e, N+/K'J PMOS 2 9&i;p 



+ /K'J PMO S3 1 iCOtNTI^CL^L^mEE^S^fc 
»|c|±N-7x;i,5, 7©*|$!|$gSfi©iS§A<&g-efe 

[oioo] @i i i-S4©sus09^^-r. ^ammw 
mmit^m-r^o mi ommmtit^x. p+tkupm 

OS 3 1 0>±Jllc->y 3>M<bK4 1 ;W&fiE£;h,Tl,*-& 
^4<I6otl^, S3©^JgC9T?li. PMOSIZHL 

-c, ±sicvy 3>nbE4 1 ##£-rsp+/tfy pm 

OS3U. ±^l=->y3>^{bK4 1 A<#«L^tL^N 
-H/K'J PMO S 2 9 JtoTlS^ JtTl^o 

[oioi] S4©sjscgi-«j:+i«, LZi^mnEEUW 
t&mn.&*ifiz®&m^ =&/*js^ 

ei=»t»T. -> y 3 >^bK^a«wici8E^-r sssicffl 

&13H.V0X. *tl?tl7* hUi^X — 
•5&g*<fe-5. SfcP+*'JPMOS3 1f3l\T. > 
y=i>MftK4 i lz&ym.t>tiXl*&(DX. SKBSJS 

Gawp+^y pmos 3 i tm-oLZimwEE&mz 

fc A ic I* N -7 7 a^llftSftamS W5f fe 4 o 
[0 1 0 2] S4©HSSCytrl* % P+tK'J PMOS 3 1 
<0±JS£*>y 3>gftg4 1 T?atV N+tK'JPMOS 
2 9©±gl*v'J a>M4bK4 1 T?S*5^l^JiEi:LT 

I*fc<. P + ?K 'J P M O S 3 1 ©±II4i/ 'J 3 

4 1 -CB^-r. N+-KUPMOS2 9fl)±l$yij3> 

^bH4 1 T?a5&j££ Ltt J:^U N + tK'J PMO 

S2 9»t;p+/Kij pmos3 1 to^r, ±Ji£->y 

a>g-fbJ84 1 X-mt>txX Zi,<»tmt>tlX 1*13:1**, 

[0 10 3] 11 ^C,S4<7)SIJ£©l-C?l*, 2jHB&«1$i 

l*£<. 1 JfEIS/Hi3iXI*3JifcL±<D£Jfei£JH::4, 
SfflA<1*tgT!fear£f*§5£T?tfcl\ ) SlJ&V 
e>S4 0SJ£CiJ-eii, MOSh7>5/^$tLT, it-f 
K-7*-7H 7 £ffi*.fc2»fttjt1»jt<DMO S h7>iJ 

SIXMOS h7>5?X^t«jg«:if s ■fft©Sj£0)MOS h 

7 > ^ ^ m i*tzm^x t ^©sas^ws c t 

[0 1 0 4] 01 21*, Tta^ISlaliStfe^SlE 

fe^o £3sns6 i frt><onm : £&.GiG 3iz&%.Lxm 

SMI3S6 51*. iS3£m^6 i tmm£ti&\tiS% : T- 
(Vbat) 6 7. tt^mi±aSi:LT©S*ttlEI6±@^ 
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(Vref) 6 9. MK)ii*IlH]|§ 7 1 » U* K5-f /<*« 
fi£nPf^MOSh7>vA$ (PMOS) 7 
3. ttEESStRI, R2atffciJ*l4sR- (Vout) 7 5£ 

[0 10 5] £mffSS£[!K6 5©M®|li(@IU^7 1 V 
It. tii*4g?-a<PMOS7 3 CD>f-h affiled 
SSA*S^S*aa^[3S&6 9frt>g*affVre 

taR 1 tR2t#E.LtzmE.timim£tl. #EE«taR 
1, R2A^<&#ffmiE*<**aEVreflcS?L<fc:<5> 

[0 10 6] 5S«SSSife[s]S§6 5l~fclvc. ttff&taR 

1, R2 zmfct z&mm*t lti*\ 

fli* wtai/aftttsefitt s s± * -e- a - 1 a<t- £ •& © 

#Ei£taR1, R2fr£(0#!±«II©fi!££[R)±;* 
-t±^Ci:A<T-^. t>UTI*£«EEfS4ElH]SS6 5©SS? 

[0 10 7] S*«ff«±0JS6 9&tf;1t3tii 

(glass 7 1 i**^<D#^f*gM$^ijiE-r^PMosx 

)St5PMOSSyNM O S (± L^ffiBIEftJffllttRtf 
¥*EJg£lsltt6 9Si;jHS:iiiti!Hl8§7 1 (OtUtlOftg. 

[0 10 8] Bl 31*. T^-PymaialSST*feSBSSI 
taHB*fllilfc*»tt:SI1t«>-*lS«*jR-ril»H-Cfc 

-5. 7 1 i*M»iteiaii»-c. ^(DseA^ag^-ica^m 

*. Afttt? (Vsens) 7 yfrftA***!**^* 
*?©tE4«»E«SiR1 tR2|c«fcoT»JE**tTS 

n*Mii»7 1 ©fffiKAaaHFicAasih.*. 

M@tt7 1 <Dtii*l*tb*ag^ (Vout) 7 9^LT*f 
mziiiiiisM. 
[0 10 9] ttI±&£BlH]g&8 1 |=fcl*T. ajfe-T'*** 

< . »ff *ft r 1 1 r 2 1= «fe y »a * Hfc 
r * r »E«et r 1 1 r 2 1= * y #n $ 

«ffiVref6lTI=*oT < «&SWittSlK7 1 OHM 

[0 110] mE6ia3IslK8 I (zfcivc. #IE»irLR 
1, R2Sfrtt4Jttt*^i:LT. *SSSj3OT¥»<*g 

spte&tfSttfiis * n -t * t± £> - «t *< -e * 4 <d -c. 

»E«RR1, R2fr*ro#I±«E<&*§g£|S]±;3F-t*& 



[0111] s*«sft^iaB6 9&i;atiMi 
<gisjK7 1 i**8ao¥»<*ga«ttjftr&PMos& 

PMO s&tfN MO si£L£lMIBE$Wte&t; 
L*lMI«ESfttt*lRl±*l±*::i:2&<"e**fl!>-C» * 
2S«ESifelH]|&6 9&tf;1§3|ig(glH]&7 1 fl>fiB73«)«S 
£ftJr£l±SC U^TI*mE&tb[I]g&8 1 <0 

ffi£ $ ifi)± $ * s c t * -5 . 

[0 112] fiLt, *f6S8a>51i£e«£t&BJ3Lfca<. 
[0 113] 

[s^rosais] »*ai (=iB«©*an*SEat?ii» pm 

OSMNMOSSMfeCMOSf/WXttfJ S/'J 

±& ±C:K y *> y 3 >«tat*±.iz. mm& 5 - 8 0 n 

y. ±SPMOS±l:tt->ij3>HbI«UiiTl^ 
£UJ: 5 f~ Lfcfl)-C?. -> 'J 3 >g-fbKIC«fc UNMOSS 
I/tK'J *>ya>tita#^©7Kf^<Dt£St$R6ihLr. NM 
OS©*«v h4r*y7»1±o£ft:«fli«-rs;:&ftt-e 

t £ . p m o s ± ii >> y a i/2-ibiH *<#tt lti* 

fclMD"?. PMOS©L#L^SEf?ffi'tt^<ST*-B-'5 

MMbHejfliv J E-0>S&IHblla>m£5~8Onm<h 
-r-S>-i:1c<tyv NMOS©L£lMiimE£5£te0>6)± 
t*y *>y3>«St(*(D«ttfita3ttt<DlRl±*H-5c:<!: 
*<-e£5. PMOS±ttiiftEAWJh 
■Sfcftlr. PMOS<OL£lMISESS140>iaj±£gl-5 

[0 114] »#«2l=lB«<D¥#tt;«1B-eid\ PMO 
SMNMOS^fjlfcCMOSf/WXt-f Ui/ija 
>«ft#*«IS.fc*»*K«l=fcl*T. ±12 PMOS 
±. ±IBNMOSJ:at/±.|B7Ky*>y3>«Sti*±l=. 
KJ?*< 5 ~ 8 0 n mfl)t&&{bfll£ tf- Lti/'Ja >^<bK 

* -5 <fc 5 lc L fc<Di?, n m o s t # y •> y 
a >«ttf*±*S!&iMbffi£tt Lt-> y a >fftK"Cl? 

cticky, NMosa)7t%-y h^rv yrsHttcosfe-fb^fti 

IS A L. t •> 'J 3 >Iftli?1 5 c: i i: J: y . pmos 
^<D*S?§(Dffi§fc£R&±-r£C PMOSfflLJ 

t\ -?-CDflSK<bSfl)SJlS5~8 0 nmfctiCttJ: 

y, NMosa)L#L^fiiaff$stt<DiRi±<b7Ky ->y n 

>gta<*a5Strifiie^ tt<D |Sj± S@ ^ C t *<T? * *. 
[0 115] H^3lrlB««)^<*S*T-l*, PMO 
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S&tfNMOS^jtfcCMOS-r/W^t/K'./ i/U a 
>«Sitt£fiSAfc4i3£(*gMl=fc^-C, ±ENMOS_t 
&V±Z&# >J ') 3 >SSift±(C. IgJiW 5 ~ 8 0 n m 

ofbmt&z-ft lt->'J3 ^mitm^m * tix y . 

±I2PMOSi:LT, ±mizmm&5 ~ 8 O n m©g&& 
<bM£^LT^y 3>g{bM;&<ff£j££;h.Tl*.5t,«>^ 
±S l= v 'J 3 >M<bK A<^« £ ftT I* & l> * <0 $ 

nru^J:5icLfcfl)-r?. ±JH-&&<bK£rt-L.Tg<b 
S<b. ±BI~M^bKA<^fiE*ti-r. L#lMitSE$58Pte 
CtA<-C#. L#^fitSBE$(lfflltt^S3fe-rSlHlKi: L§ 

B#iz#£-ra¥&<*gai=oi\-c, etifcSfi&^j: yn 

SL^t<«„ ->'J 3>3<bRT(D&*bJgi: 

LTtft^bB^ffltV *<&tftg<bM<DRJl£5~8 O n 
mt-f&Z.tfcJ: y, NMOS<Dl,£lMEWE£S14(D 

rt± t # y * U a >sta<*©afiifflSStt(7)(Ri± * @ 5 

[0 116] »*^4lZ|BS(D^tt^M-C?l±, ±IS-> 
•J 3 >gfbffi<DRJll* 5 ~ 3 0 nm-efe*J:5l=L,fc(D 

-e, nmos©*5» h4r-vyTitl405iR]±i:/Ky *>ya 

[0 117] S#Jg5lzEtt©¥»ftgaT?l*, ±SP 
MOStLT. PS!^$$«S4<»A**l.fc7Ky->y3>K 

*^£&y-h«ii£i§*.fcp+7Ky PMosm* 

^tt(=-Dl^T7K*(D^g^#lz5lt5P+7Ky PMOS 
©(ITS WftJT -5 C <t A<T? # 

[oi i s] flr*«6icEtt0¥a{t£a-ei*« ±e* 
y •> y 3 >*ft#«)»rtiBJ«i=fei*T» ±e v y 3 >g 

j&t»j**jh.Tisy» ±ie^y->y3>sitft:ji v ±Ey 

>K-^blS±Jc^fiE$^fc^p B ^«iJig$^.LT. T 
;US-*A££t?fcB*mfrbfcy, Mlt40 0nm 
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